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© Broadcast networks. 



@ A network of transmitters for providing broadcast 
signal coverage of a group of contiguous reception 
areas, there being one transmitter site within each i 
reception area. Two or more directional transmit! 
antennas at each site cover the reception area by 
the use of different frequencies or polarisations 
(F1.F2). Reception of the broadcast signal is by 
means of a directional receive antenna. Interference ) 
between neighbouring sites is reduced by arranging 
the orientation of the antennas at adjacent sites (E,G) 
in such a way that a receiver located (D) on a line 
through the sites (E,G) will be within the beam angle 



of one antenna (F2) at the nearer site (E), but out- 
side the beam angle of a potentially interfering an- 
tenna (F2) at the further site (G). For this purpose, at 
adjacent sites on the line the transmit antennas have 
orientations which deviate from a reference orienta- 
tion in opposite directions, but with equal magnitude 
(a). The network may have a triangular lattice struc- 
ture, with two 180-degree sector antennas at each 
site, or a square lattice structure with four 90-degree 
sector antennas at each site. 
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BROADCAST NETWORKS 



This invention relates to broadcast networks, in 
particular to networks of transmitting units for pro- 
viding broadcast signal coverage of a plurality of 
contiguous reception areas. The networks are par- 
ticularly suitable for microwave broadcast systems e 
such as Microwave Video Distribution Systems 
(MVDS) and Microwave Multi-point Distribution 
Systems (MMDS), which depend upon line-of-sight 
or near line-of-sight propagation. 

Conventional wide coverage broadcast net- io 
works use transmitters having omnidirectional an- 
tennas, with each transmitter radiating one of sev- 
eral frequency sets. By "frequency set" is gen- 
erally meant a group or band of frequencies, dif- 
ferent frequencies within any set carrying different 75 
signals or "programmes", but it should be noted 
that the term "frequency set" as used herein is to 
be taken also to include a reference to the selec- 
tive use of signal polarisation. Thus, for example, 
radiating both horizontally - and vertically - polarl- 20 
sed signals in one frequency band can yield two 
frequency sets as such. In these networks adjacent 
transmitters use different frequency sets to prevent 
mutual interference and a directional receiving an- 
tenna is required, generally directed toward the 25 
nearest transmitter, subject to there being a sat- 
isfactory line-of-sight. 

There are various lattice networks for transmit- 
ter positioning to minimise interference between 
transmitters radiating the same frequency set. One 30 
example is the triangular lattice shown in Figure 1 
of the accompanying drawings, which requires a 
minimum of three frequency sets, indicated by F1 , 
F2 and F3. This particular arrangement assumes 
the use of a conventional receiving antenna having 35 
a directional pick-up characteristic, so that, at any 
reception point there is only one other transmitter 
lying in the same general direction as the local 
transmitter and using the same frequency set, 
which is close enough to be a potential source of 40 
interference. On a flat earth basis and under normal 
free-space propagation conditions, the triangular 
lattice arrangement will ensure that the interfering 
signal power from such a distant transmitter is 
always at least 16 times smaller than (i.e. 12dB 45 
below) the wanted signal power. This figure arises 
from the worst case situation where the point of 
reception is at the extremity of the normal cov- 
erage area of the local transmitter and an interfer- 
ing distant transmitter lies in the same direction so 
with respect to the receiver as the local transmitter. 
In these circumstances (for example, at point P in 
Figure 1), any directional sensitivity of the receiving 
antenna has no effect on the relative strengths of 
the two signals. It can be seen from that, in this 



case, the ratio of the distance to the interfering 
transmitter (at point R) to the distance to the local 
transmitter (at point Q) is 4; hence the power ratio 
of 16. 

Lower interference levels can be achieved by 
increasing the number of frequency sets (and 
hence increasing the frequency re-use distance) or 
by relying upon a combination of terrain screening, 
earth curvature, partial frequency offsets and at- 
mospheric absorption for additional margin. 

It is an object of the present invention to pro- 
vide a network giving improved broadcast signal 
coverage of a plurality of contiguous reception 
areas in terms of at least either the degree of 
interference between neighbouring transmitters or 
the efficiency of frequency spectrum usage. 

According to the invention, there is provided a '- 
network of transmitting units for providing broad- 
cast signal coverage of a plurality of contiguous' 
reception areas, each defined by a respective! 
transmitting unit situated at a site within the recep- ' 
tion area, each transmitting unit comprising two or 

more directional antennas, the network being \ 

characterised in that, to minimise interference at a' 
point which lies in line with and beyond adjacent 
sites in the network, antennas, one from each of 
the two sites, which potentially cause said interfer- 
ence, are directed respectively more and less to- 
wards the point. 

According to one aspect of the invention, in a \ 
network as aforedescribed each reception area is , 
defined by the beams of said two or more anten- 
nas, the common boundaries between adjacent 
beams being at least partly radial, each transmit- 
ting unit being so adapted that its transmissions of 
the broadcast signal in adjacent beams can be 
distinguished by a receiver located on one of the 
common boundaries, corresponding boundaries at 
adjacent sites on a line through a plurality of the 
sites lying on alternate sides of the line. 

The transmitting unit may comprise two anten- 
nas, each antenna having a beam angle of 180°. 
Alternatively, the transmitting unit may comprise 
four antennas, each antenna having a beam angle 
of 90*. 

The corresponding boundaries may deviate 
from said line by a common angle, but in opposite 
directions. In embodiments of the invention em- 
ploying two 180° beam antennas or four 90* 
beam antennas, the common angle preferably lies 
substantially in the range 15 to 25° . 

Each transmitting unit may be adapted to ft 
transmit the signal on different frequencies to per- f 
mit discrimination between its transmissions in any I 
two adjacent beams. Alternatively, each transmit- /' 
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ting unit may be adapted to transmit the signal with 
different polarisations to permit discrimination be- 
tween its transmissions in any two adjacent beams. 

Two networks in accordance with the invention 
will now be described, by way of example only, 
with reference to the accompanying drawings, of 
which: 

Figure 1 shows a known triangular lattice net- 
work of omnidirectional transmitters, as referred 
to above; 

Figures 2(a), (b) and (c) show typical radiation 

pattern templates of microwave antennas; 

Rgure 3 shows a basic triangular lattice network 

of directional transmit antennas; 

Rgure 4 shows a triangular lattice network of 

directional transmit antennas according to the 

invention; 

Figure 5 shows a basic square lattice network of 
directional transmit antennas; and 
Figure 6 shows a square lattice network of direc- 
tional transmit antennas according to the inven- 
tion. 

Referring to the drawings, Figures 2(a), (b) and 
(c) show radiation pattern templates that can be 
achieved with microwave antennas. Rgure 2(b) 
shows the radiation pattern of a typical 180° sector 
transmit antenna. The important parameters are the ^ 
high front/back ratio and the rapid cut-off rate just 
above +/-90* from the antenna boresight (i.e. axis 
of symmetry). For satisfactory operation the cut-off 
should fall by at least 20dB within, say, 20° from 
the 90 ' position. Rgure 2(a) shows the radiation 
pattern of a typical receive antenna, which similarly 
requires a high front/back ratio, as well as a rea- 
sonably small beam angle. In this example the 
template assumes at least a 20dB reduction at +/• 
20° from the boresight Figure 2(c) shows an alter- 
native transmit antenna characteristic to which ref- 
erence is made later. 

Figure 3 illustrates a triangular lattice network 
which may be viewed as comprising a honeycomb 
structure of hexagonal cells, there being one trans- 
mitter site at the centre of each cell. For any three 
mutually adjoining cells the associated transmitter 
sites lie at the corners of an equilateral triangle. 
Each site accommodates a pair of 180* sector 
antennas of the type to which Figure 2(b) relates, 
the two antennas radiating different frequency sets 
F1 and F2. The antennas at each site are pointed 
in opposing directions, i.e. 180* apart, so that each 
cell approximately represents a reception area, de- 
fined by the two 180* antenna beams, in which 
reliable reception may be reasonably expected. 
The common boundaries between the two beams 
are at least partly radial and a receiver located on 
one of the boundaries can discriminate between 
the transmissions in the two beams by virtue of the 
different frequency sets used. 
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The lattice may also be viewed as comprising 
a set of adjacent rows of cells, one such set of 
rows being identified in the figure by the dotted 
lines 10. 20, 30, 40, with the cells 4,5,6 and 7, for 
example, making up part of row 10. It will appre- 
ciated that this definition of the rows is arbitrary, 
there being two alternative sets of rows that could 
equally be drawn through the network of sites. The 
antennas in any given row and radiating the same 
frequency set, either F1 or F2. are orientated so 
that they all point in the same direction. As can be 
seen, in each row the antenna boresights, indicated 
by the arrowed lines at each site, lie normal to the 
row. Thus, at each site the boundaries between the 
two antenna beams are aligned with the row con- 
taining that site. 

It can be seen from Figure 3 that, for a given 
frequency set, the antennas in any two adjacent 
rows are always pointing in opposite directions - 
whether they point towards each other (as for ex- 
ample, rows 10 and 20 for frequency set F2) or 
away from one another (as for example, rows 20 
and 30, again for frequency set F2). It is also to be 
observed that, as a consequence of this arrange- 
ment of the antennas, for non-adjacent rows, such 
as 10 and 30, having one intervening row (20 in 
this case) the antennas of a particular frequency 
set are all pointed in the same direction. This is 
one feature of the lattice network which serves to 
reduce interference between neighbouring transmit- 
ters using the same frequency set, as will now be 
explained. 

Consider, by way of example, that reception of 
a broadcast is required at the point A, i.e. at the 
extremity of the coverage area of the transmitter at 
point B in the cell 9 of row 20. Frequency set F2 is 
selected since the antenna at B for this frequency 
set is directed towards point A. If the receiving 
antenna used is of the type to which Figure 2(a) 
relates, then the transmissions from neighbouring 
antennas of the same frequency set F2 in cells 4 
and 5 in row 10 are rejected due to the narrow 
beam angle and the high front/back ratio of the 
receiving antenna at A. The transmissions from 
neighbouring antennas of the same frequency sei 
F2 in cells 14 and 15 of row 30 are rejected due tol 
the high front/back ratio of the transmit antennas.! 
Reception of transmissions from antennas in cells 8 \ 
and 11 of the same row 20 as cell 9 is also 
excluded by the narrow beam angle of the receiv- 
ing antenna. Thus, it can be seen that the nearest 
transmitter to point A which will cause interference 
lies at point C in the cell 18 of row 40. If the 
distance from A to B is x, then the distance from A 
to C will be 4x. Thus, the interference power from 
the transmitter at C will be at least 16 times smaller 
than (i.e. 12dB below) the signal power from the 
local transmitter at A. This result is as good as that 
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obtained in the three-frequency set arrangement of 
Figure 1 . 

Consider now that reception of a broadcast is 
required at a point D, i.e. at the extremity of the 
coverage area of the transmitter at point E in cell 
11 of row 20. It can be seen that, irrespective of 
whether frequency set F1 or F2 is chosen, the 
point D lies at the angular extremity of either an- 
tenna beam from the transmitter at E, i.e. on the 
boundary between the two 180* beams defining 
the reception area of cell 11. Thus, reliable recep- 
tion may be difficult at this particular point, depend- 
ing on the cut-off rate above 90* from the 
boresight of the transmit antenna being used. If it is 
assumed that reliable reception can be obtained at 
point D, i.e. at 90* from the boresight, then inter- 
ference may be expected from the transmitter at 
point G in the adjacent cell 12. Further, the choice 
of frequency set for reception will have no effect on 
the level of the interfering signal, since the two 
antennas at G have the same orientation relative to 
the point D as the two antennas at E. If the dis- 
tance from D to E is y, then the distance from D to 
G will be 3y. Thus, the interference power from the 
transmitter at G will be at least 9 times smaller than 
(i.e. 9.5dB below) the signal power from the local 
transmitter at E. This difference in the two signal 
power levels may be insufficient to permit satisfac-. 
tory reception at point D. 

The problem of interference from a transmitter 
in an adjacent cell of the same row can be alle- 
viated by making use of the transmit antenna cut- 
off rate at angles greater than 90° from the 
boresight. If the transmit antenna has the radiation 
pattern template shown in Figure 2(b), the interfer- 
ing signal level will fall by at least 20dB if the 
antenna at point G is steered so that its boresight 
is orientated a further 20 ° in a direction away from 
the reception point D. In accordance with the inven- 
tion, interference at point D is minimised by direct- 
ing the potentially interfering antennas at E and G 
respectively more and less towards point D. One 
way of achieving this benefit throughout the whole 
lattice is to similarly steer the antennas in each cell 
through the same angle, but in opposite directions 
for adjacent cells within each row. In this way, at 
adjacent sites in any row, corresponding bound- 
aries between antennas will then lie on alternate 
sides of a line through the sites in that row. This 
modification to Figure 3 is shown in Figure 4, to 
which reference is now made. 

In Figure 4, the zig-zag dotted lines 10', 20', 
etc. each represent, as in Figure 3, a line normal to 
the antenna boresights at each site. The angle 
through which each antenna boresight has been 
steered is denoted by a. The essentially radial part 
of the boundary between the two antenna beams at 
each site has been similarly steered through the 



same angle a. If the angle a is made 20° , it can be 
seen that reception at point D can be reliably 
obtained on frequency set F2 from the transmitter 
at E, since the point D now lies at an angle of 70 * 

s from the antenna boresight, i.e. well within the 
beam of the F2 transmit antenna at E. However, 
interference from the transmitter at G is now at- 
tenuated by at least 20dB (without taking account 
of its further distance from D), since the point D 

10 lies at an angle of 110* from the antenna 
boresight, i.e. beyond the extremity of the beam of 
the F2 antenna at G. The next nearest antenna 
radiating towards the point D on frequency set F2 
is that of the transmitter at H in cell 13. If the 

75 distance from D to E is y, as previously, then the 
distance from D to H will be 5y. Thus, it can be 
seen that the interference power from the transmit- 
ter at H will be at least 25 times smaller than (i.e. 
approximately 14dB below) the signal power from 

20 the local transmitter at E. Hence, at D there will be 
no significant interference from the transmitters at 
either G or H. 

One effect of steering the antenna boresights 
through the angle a is that, for reception at point D 

25 of a broadcast from the transmitter at E, there is 
now a positive choice of frequency set to be made, 
that is to say only frequency set F2 will now 
provide a satisfactory signal. If the chosen recep- 
tion point is at, say, point J on the border between 

30 cells 9 and 11 (i.e. on a 'deflection' point of the 
dotted line 20' and therefore at 90° with respect to 
the local antenna boresights, or, in other words, on 
the boundary of the two local antenna beams), 
there would, at first sight, appear to be no limitation 

35 on the choice of frequency set for best reception, 
the radiation from either antenna at E providing the 
same signal strength. However, on closer examina- 
tion it can be seen that frequency set F2 is to be 
preferred, since the antenna at G on set F2 is 

40 radiating in a direction away from the reception 
point J, whereas the antenna on set F1 includes 
the point J within its beam angle. Thus, if set F2 is 
chosen, interference from the transmitter at G is 
reduced by the high front/back ratio of the F2 

45 antenna at G. 

The angle a is carefully chosen in conjunction 
with the transmit antenna cut-off rate to prevent 
high levels of interference between neighbouring 
cells in a row of the lattice. For typical directional 

so microwave transmit antennas the angle a should lie 
in the range of approximately 1 5 to 25 ° . Within this 
range the effect on interference levels for reception 
in a direction orthogonal to the lattice rows is 
minimal for a receiving antenna of the type to 

55 which Figure 2(a) relates. That is to say that for 
reception at point A in Figure 4 from the transmitter 
at site B, essentially the same low level of interfer- 
ence will be achieved as was demonstrated above 
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in relation to Figure 3. 

It can be seen, therefore, that the two-fre- 
quency set lattice arrangement described above 
with reference to Figure 4 provides an immunity to 
interference which is at least as good as the known 
three-frequency set arrangement of omnidirectional 
antennas shown in Figure 1. For the avoidance of 
doubt it is reiterated here that the term "frequency 
set" is to be taken to include a reference to the 
selective use of polarisation, a technique well- 
known in the art. In this way, the two frequency 
sets required in the arrangement of Figure 4 can 
be realised by generating pairs of orthogonally 
polarised signals of the same frequency. Such a 
technique advantageously requires only one trans- 
mitter per site for each signal or programme to be 
broadcast. 

It will be apparent that a network of the type 
described above with reference to Figure 4 can 
improve the efficiency of frequency spectrum us- 
age by up to 50 per cent by taking advantage of 
the directional characteristics of high frequency an- 
tennas. A number of practical benefits follow the 
adoption of non-omnidirectional antennas. First, 
many ideal transmitter sites for new services such 
as MVDS are already occupied by existing masts 
for other purposes, and the mast-tops are rarely 
available for use by a new omnidirectional antenna. 
Nonetheless, the twin 180° sector antenna can be 
mounted readily as two separate antennas on op- 
posite sides of the mast. Second, since line-of- 
sight coverage is strongly dependent on the height 
and elevation angle of the transmit antenna with 
respect to the distant horizon, it is now possible to 
optimise height and elevation angle independently 
for each direction. Finally, as already mentioned, 
two orthogonally polarised transmit antennas may 
provide the two "frequency sets", avoiding the 
need for two sets of transmitting equipment operat- 
ing on different frquencies at each site. 

It will be appreciated from the illustrative exam- 
ple of Figure 4 that alleviation of potential interfer- 
ence between adjacent transmitters in the network 
is dependent on two factors. First, it is assumed 
that the receiving antenna has a directional char- 
acteristic so that, from an interference viewpoint, 
only a transmitter which is adjacent to and lying in 
substantially the same direction as the local trans- 
mitter needs to be considered. Second, it is ar- 
ranged that two potentially interfering transmit an- 
tennas at adjacent sites in the network, i.e. anten- 
nas using the same frequency set, are directed 
respectively more and less towards a point of re- 
ception lying on a line through the two sites. In the 
specific example of Figure 4, the latter feature is a 
result of the corresponding beam boundaries of 
transmit antennas at adjacent sites on a line 
through the network lying on alternate sides of the 



line and deviating from the line by a common 
angfe. However, it will be appreciated that the 
angle o is not essentially the same at each site. Its 
magnitude can be determined empirically at each 

5 site according to the effect of the local terrain, etc. 
on interference levels. 

Consider now Figure 5, which shows a square 
lattice network having transmitter sites at the cor- 
ners of each square. Again, two frequency sets F1 

;o and F2 are used, but each transmitter site now 
accommodates four 90* sector transmit antennas. 
Each antenna radiates a quadrant beam pattern, 
i.e. a beam extending to +/-45* from the 
boresight, so that the reception area or cell (not 

15 shown) associated with each site now comprises 
four 90* beams, with adjacent beams again having 
partly radial boundaries. A typical radiation pattern 
template for the transmit antenna is shown in Fig- 
ure 2(c). The important parameters are again a 

20 high front/back ratio and a rapid cut-off rate just 
above + /-45* from the antenna boresight. In this 
example, the cut-off falls by at least 20dB within 
20° from the 45* position. The antenna boresights 
at each site are shown in Figure 5 by the arrowed 

25 lines. One frequency set is used per pair of oppos- 
ing antennas at each site. The direction of radiation 
of the two frequency sets at each site is chosen so 
that along any diagonal drawn through squares in 
the lattice the frequency sets used by any two 

30 adjacent facing transmit antennas are different. The 
boundaries between adjacent beams at each site 
are aligned with the sides of the lattice squares. 

For reception at the maximum range from a 
local transmitter, i.e. at the centre of a square in 

35 the lattice, the choice of transmitter/frequency set 
is arbitrary (assuming no obstructions, etc. affect 
the line of sight), all four transmitters at the comers 
of the square concerned being equally distant. As- 
sume, for example, that reception at point K is 

40 required and the transmitter at point L is chosen. In 
this case, the relevant frequency set is F2. Using a 
directional receiving antenna, i.e. having a narrow 
beam angle, the next adjacent transmitter site lying 
in the same direction is at point M. However, at this 

45 transmitter site the relevant antenna, i.e. the one 
including point K within its beam angle, is radiating 
on frequency set F1 and so can be disregarded as 
a source of interference. However, it can be seen 
that interference from that direction may arise from 

so the transmitter at site N. If the distance from K to L 
is z, then the distance from K to N will be 5z and 
the interfering signal from N will be substantially 
attenuated over that distance relative to the local 
signal from L. Interference from the transmitter site 

55 U is determined by the receiving antenna radiation 
pattern template. An interfering signal from site U 
will be at an angle $ from the boresight of a 
receiving antenna at K directed towards the local 
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transmitter site L For the square lattice the angle $ 
is approximately 26 " . By using a receiving antenna 
having the radiation pattern template shown in Fig- 
ure 2(a), the interfering signal power (from U) will 
be more than 20dB below the local signal power 
(from L). 

However, for reception at a point on a side of 
any square in the lattice, i.e. along one of the 
boundaries between adjacent beams, it can be 
seen that, with the antennas at each transmitter site 
orientated as shown, interference will result from a 
site adjacent the local site, irrespective of the fre- 
quency set chosen for reception. For example, at 
the point S on row 50, reception from the local site 
T will be subject to interference from site V. Simi- 
larly, at the point W on column 80, reception from 
the local site U will be subject to interference from 
site V in the same column. It can be easily shown 
that in the worst case for reception at any point on 
a row or column in the lattice, the interfering signal 
power will be approximately 10dB below the local 
signal power. 

However, as in the triangular lattice network of 
Figure 4, interference between adjacent transmit- 
ters can be reduced by suitable adjustment of the 
orientation of the antennas at each site. Such an 
adjustment to the Figure 5 arrangement has been 
made in Figure 6, to which reference is now made. 

In Figure 6, all four antenna boresights at each 
transmitter site have been steered together through 
a predetermined angle a so that their relative an- 
gular separations are maintained. The beam 
boundaries at each site are thus no longer aligned 
with the sides of the lattice squares. For example, it 
can be seen from the figure that all the antenna 
orientations at sites in column 70 have been 
steered clockwise through angle a, the dotted lines 
drawn at site X in row 50 indicating the original 
orientation of the antennas at that site. In the adja- 
cent column 80, all antennas have been steered 
anti-clockwise through the same angle a. The an- 
tennas in the next column 90 have been steered 
clockwise as in column 70, and so on! so that 
along any row in the lattice the antennas are al- 
ternately steered in clockwise and anti-clockwise 
directions. The effect of this change is that, for 
adjacent sites in any row in the lattice, correspond- 
ing boundaries at the two sites lie on alternate 
sides of a line through the sites of that row. This is 
indicated, for example, by the dotted line 61 drawn 
through the sites in row 60. In the vicinity of each 
site the dotted line 61 shows the deviation of the 
antenna beam boundaries from their original posi- 
tions in Figure 5, where they are aligned with line 
60. Thus it can be seen that corresponding bound- 
aries at adjacent sites in the row deviate from the 
line 60 by a common angle a, but in opposite 
directions. 



Examining now, by way of example, the new 
orientations of the antennas in row 50, it can be 
seen that for reception at point S of a signal from 
site T, frequency set F2 should be selected, since 

s the F2 antenna at T is directed more towards point 
S than the F1 antenna at T, the F2 antenna includ- 
ing point S within its 90 ° beam. However, at site V 
the potentially interfering F2 antenna on the left- 
hand side is now so orientated that its 90° beam 

10 angle excludes point S. Thus, by correct choice of 
antenna radiation pattern templates and the angle 
a, there will be no significant interference from site 
V, and it is apparent that the nearest interfering 
antenna at a site in the same direction as the local 

is transmitter is at site X. In the worst case, when 
point S is on the mid-point of the side of a square, 
the nearest interfering transmitter will be at a dis- 
tance 5 times greater than the local transmitter, 
sufficiently remote not to cause serious interfer- 

20 ence. The same result is obtained for reception at 
a point on any column of the lattice, so that, for 
reception at any point on a row or column in the 
lattice, the antenna at the local site and a poten- 
tially interfering antenna at the next nearest site are 

25 directed respectively more and less towards the 
reception point. It will be appreciated that the defi- 
nition of what is a row and what is a column is 
arbitrary and made purely for the sake of a clear 
description. 

30 This adjustment of the orientation of the anten- 
nas has no significant effect on interference immu- 
nity for reception in a diagonal direction across the 
lattice. For reception at the point K from site L the 
nearest interfering transmitter remains at site N, i.e. 

35 the same as in Figure 5. 

As in the triangular lattice, the choice of the 
angle a is again dependent upon the transmit an- 
tenna radiation pattern template, which determines 
through what angle a potentially interfering transmit 

40 antenna must be steered for its beam to effectively 
exclude the reception point. In this example, i.e. 
with a transmit antenna.having the radiation pattern 
template shown in Figure 2(c), the angle a may be 
made 20* to effect a fall in the interfering signal 

45 level of at least 20dB. For typical directional micro- 
wave transmit antennas the angle a preferably lies 
in the range 15 to 25° . It will be appreciated that, 
as mentioned previously in relation to Figure 4, the 
angle a is not essentially the same at every site, 

so but may be determined empirically at each site 
according to the local environment. Similarly, it will 
be appreciated that in certain circumstances it may 
be desirable to adjust the beam angle of one or 
more of the antennas at any site to take account of 

55 local conditions. 

It will be further appreciated that other com- 
binations of lattices and antenna radiation patterns 
are possible and may prove of benefit in some 
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applications. The use of the square lattice is pre- 
ferred to the triangular lattice in view of the relative 
ease with which the 90 " sector antenna can be 
constructed compared with the 180* sector an- 
tenna. Whereas the arrangements described use 
two frequency sets, as defined herein, it will be 
appreciated that more than two frequency sets may 
be used to further improve immunity from interfer- 
ence. 



Ctafms 



wherein each said transmitting unit is adapted to 
transmit said signal with different polarisations 
(F1.F2) to permit discrimination between its trans- 
missions in any two adjacent beams. 



1. A network of transmitting units for providing 
broadcast signal coverage of a plurality of contig- 75 
uous reception areas (4,5,6,etc.), each defined by a 
respective transmitting unit situated at a site 
(B.C.E.etc.) within the reception area, each trans- 
mitting unit comprising two or more directional 
antennas, the network being characterised in that, 20 
to minimise interference at a point (D) which lies in 

line with and beyond adjacent sites (E,G) in the 
network, antennas (F2), one from each of the two 
sites (E,G), which potentially cause said interfer- 
ence, are directed respectively more (E) and less 25 
(G) towards said point (D). 

2. A network according to Claim 1, wherein each 
reception area is defined by the beams of said two 
or more antennas, the common boundaries 
(1o',20',etc.) between adjacent beams being at 30 
least partly radial, each transmitting unit being so 
adapted that its transmissions (F1 ,F2) of the broad- 
cast signal in adjacent beams can be distinguished 

by a receiver located on one of said common 
boundaries, the network being characterised in that 35 
corresponding said boundaries (20 ) at adjacent 
sites (E,G) on a line (20) through a plurality of said 
sites (B,E,G,etc.) lie on alternate sides of said line 
(20). 

3. A network according to Claim 2 t wherein said 40 
transmitting unit comprises two said antennas, 
each antenna having a beam angle of 180 degrees. 

4. A network according to Claim 2, wherein said 
transmitting unit comprises four said antennas, 
each antenna having a beam angle of 90 degrees. 45 

5. A network according to any of Claims 2 to 4, 
wherein said corresponding boundaries at adjacent 
sites on said line deviate from said line by a 
common angle (a), but in opposite directions. 

6. A network according to Claim 5, as appendent to so 
Claim 3 or Claim 4, wherein said common angle (a) 

lies substantially in the range 15 to 25 degrees. 

7. A network according to any preceding claim, 
wherein each said transmitting unit is adapted to 
transmit said signal on different frequencies (F1 ,F2) 55 
to permit discrimination between its transmissions 

in any two adjacent beams. 

8. A network according to any of Claims 1 to 6, 
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Fig. 2(a) 
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Fig. 2(b) 
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Fig. 2(c) 








I 
i 


0 ±45 ±65 ±90 



DEGREES 



WEST 



EP 0 429 200 A2 




10 



EP 0 429 200 A2 




WEST 



11 



EP 0 429 200 A2 



Fig. 5. 



F2 


F1 F2 


F1 F2 


F1 F2 


F1 F2 


F1 


F1 
F1 

-> 


i ) 

F2 F1 
F2 F1 

i > 


< ) 

F2 F1 
S 

F2 \ F1 


< ) 

F2 F1 
F2 F1 


i > 

F2 F1 
F2 F1 


F2 
F2 


F2 
F2 

-> 


F1 F2 
F1 F2 


F1 B F2 
F1 F2 


F1 ' F2 
~F1~^ F2 


F1 v F2 
F1 ij F2 


F1 
F1 


F1 
F1 


i ) 

F2 F1 
F2 F1 

< ) 


i ) 

F2 F1 
F2 F1 

< ) 


1F2 F1 
F2 >1 


F2 F1 

> 

F2 F1 


F2 
F2 


F2 
F2 


F1 F2 
F1 F2 


F1 F2 
F1 F2 


F1 F2 
F1 F2 


i ) 

F1 x F2 

\ 

\ 

\ 


£- 

F1 
F1 

«- 

\ R 

70 


F1 


i ) 

F2 F1 


< ) 

F2 F1 


i ) 

^F2 F1 

90 


^F2 F1 
80 



12 



EP 0 429 200 A2 




13 



